We suggest that the "Big Bang" may be a result of the first-order phase transition driven by changing scalar curvature of the 4D space-time in expanding cold Universe, filled with nonlinear scalar field φ and neutral matter with equation of state p = νε (where p and ε are pressure and energy density of matter). We consider a Lagrangian for scalar field in curved space-time with nonlinearity φ 4 , which along with the quadratic term −ξR |φ| 2 (where ξ is the interaction constant and R is scalar curvature) contains a term ∼ ξR φ + φ + linear in φ. Due to this term the condition for the extrema of the potential energy of scalar field is given by a cubic equation. Provided ν > 1/3 the scalar curvature R = [κ(3ν − 1)ε − 4Λ] (where κ and Λ are Einstein's gravitational and cosmological constants) decreases along with decreasing ε in the process of the Universe's expansion, and at some critical value Rc < 0 a first-order phase transition occurs, induced by an "external field" parameter proportional to R. Given certain conditions the critical radius of the early Universe at the point of the first-order phase transition may reach arbitrary large values, so this scenario of unrestricted "inflation" of the Universe may be called "hyperinflation". Beyond the point of phase transition the system is rolling down into the potential minimum with the release of the potential energy of scalar field, accompanied by oscillations of its amplitude φ. The powerful heating of the Universe in the course of attenuation of these oscillations plays the role of "Big Bang".
I. INTRODUCTION
The question about the cause of the "Big Bang" starting the hot phase in the development of our Universe is still a central question of cosmology. The earliest stage of evolution of the cold pre-"Big Bang" Universe, which now may be traced only through the manifestations of the relict gravitational radiation, was considered first in the works of Gliner [1, 2] and Starobinsky [3, 4] .
In the same time, starting with the works of Kirzhnits and Linde [5] [6] [7] [8] and Guth [9] (see also [10] [11] [12] ), various inflation scenarios of the initially hot Universe were investigated. In these scenarios the first-or second-order phase transitions induced by temperature occurred in the process of expansion and cooling of the Universe with subsequent spontaneous braking of symmetries of various interactions and production of fields and particles from vacuum. A number of authors also considered first-order phase transitions, driven by the density changes [13] [14] [15] [16] [17] [18] or by external fields and currents [19] [20] [21] [22] . The common shortcoming of the hot Universe scenarios is the existence of critical fluctuations during the second-order phase transitions or the formation of domains ("bubbles") of new phase in the case of the first-order phase transitions, leading to a strong large-scale spatial inhomogeneity of matter and anisotropy of the relic radiation in the modern Universe, which contradicts astronomical observations. Thereby Linde [23] [24] [25] [26] proposed a scenario of "chaotic * pashitsk@iop.kiev.ua † pentegov@iop.kiev.ua inflation" for the early cold Universe, when the energy density of vacuum was determined by the potential energy density of a nonlinear scalar field U (φ) ≤ M 4 P (where M P ∼ 1 √ G is the Planck mass, presuming = c = 1, and G is the Newton gravitational constant). For the potentials U (φ) described by powers of φ with sufficiently small interaction constants and large initial values of the field amplitude φ M P , the initial quantum fluctuations on the Planck scale l P ∼ 1/M P expand ("inflate") gigantically, by many orders of magnitude exceeding the observable size of the present-day Universe, which provides explanation for its flat geometry, isotropy and high degree of large-scale homogeneity, as well as for the absence of domain walls and t'Hooft [27] -Polyakov [28] monopoles in our world.
In the inflation scenarios the heating of the cold Universe to high temperatures (so called "reheating", actually playing the role of "Big Bang") occurs as the result of dissipation of the energy of oscillations of the scalar field's amplitude, with energies of about 10 12 −10 14 GeV, in the vicinity of the potential minimum. The attenuation of these oscillations is due to both the expansion of the Universe and the production of various particles and antiparticles [29] .
Later on a scenario of "hybrid inflation" [30] was put forward, according to which there existed two different types of scalar fields in the early Universe, with significantly different equilibrium amplitudes and velocities of rolling down into the potential minimum. This approach allowed to reconcile the inflation theory with the theory of supergravitation [31] .
It is well to bear in mind though, that given the small scale and high scalar curvature of the early Universe the interaction of the fundamental scalar field with gravitation should have played a significant role in the processes of its evolution, which was not considered in [23] [24] [25] [26] 29] . In accordance with the general principles of the quantum field theory in the 4-space with finite scalar curvature R = 0 (see [32] ), the initial Lagrangian of the nonlinear scalar field φ should contain a term R |φ| 2 6 [14] (see also [33] ) quadratic in φ, where the coefficient 1/6 ensures the conformal invariance of the theory in the limit of zero bosonic mass µ → 0. This leads to the renormalization of the parameter of self-action for the scalar field and of the Einstein gravitational constant κ = 8πG in the general relativity equations by the factor of about κ |φ| 2 /3. In particular, for the Higgs field [34, 35] with vacuum average φ H ≡ υ ≈ 247 GeV (see [36] ) this renormalization is anomalously small and has the order of magnitude of G/G F ∼ 10 −32 (where G F is the Fermi constant for the weak interaction).
As was shown in [37] [38] [39] , the term of a more general form −ξR |φ| 2 in the Lagrangian of the Higgs field with µ = 0, where the dimensionless constant ξ may be treated as the constant of interaction of scalar and gravitational fields, leads in the framework of standard model to generation of mass of the order of the Planck one (M P ) only for anomalously large values of the constant ξ ≥ 10 34 . Another expression for this constant ξ ≈ 4 · 10
where m H is the mass of the Higgs boson, was obtained by the authors of [40] for some modified exponentially flat potential of the nonlinear scalar field in the regime of "slow roll" of the system into the ground state. Bearing in mind the recently established value m H ≈ 125.5 GeV [41, 42] we obtain the magnitude of for the constant of interaction of the Higgs field with gravitation ξ ≈ 1.44 · 10 4 , which is still quite large. In the present paper, contrary to the Guth [9] scenario with the first-order temperature-driven phase transition in the expanding Universe, we propose an alternative scenario of the evolution of the early cold Universe with the first-order phase transition, induced by the parameter of an "external field" proportional to scalar curvature. It is shown that this transition is possible given the following conditions:
(i) the Universe born in a rather large quantum fluctuation is filled with some fundamental scalar field φ, described by the Lagrangian which in the curved 4-space with R = 0 includes a term ∼ ξR (φ + φ + ) linear in φ, playing the role of an "external field", along with the quadratic in φ term −ξR |φ| 2 .
(ii) the early Universe with finite cosmological constant Λ contains neutral cold matter, described by the equation of state p = νε with ν > 1/3, which ensures the decreasing of the scalar curvature R = [κ(3ν − 1)ε − 4Λ] along with the decreasing of the matter's energy density in the process of the Universe expansion.
In a sense, the model of evolution of the early cold Universe proposed hereafter may be viewed as a modification of the model of "hybrid inflation" [30] , where the role of the second (auxiliary) field is played by the "external field" parameter.
In section II of this paper we consider a modified Lagrangian of some fundamental complex scalar field φ with nonlinearity of φ 4 type, interacting with gravitational field, which is described by the term −ξR |(φ − φ 0 )| 2 , where φ 0 is the vacuum average of the scalar field amplitude. Hence, the Lagrangian contains both the standard term −ξR |φ| 2 quadratic in φ and the term ξRφ 0 (φ + φ + ) linear in φ and R. The equation determining the extrema of the scalar field's potential U (φ, R) is a cubic one with respect to the real part of φ, having three real roots for a certain range of R values, describing two minima and one maximum of the potential U (φ, R).
In section III we introduce the dimensionless variables and obtain the potential of the nonlinear scalar field as the function of its amplitude for various values of the dimensionless "external field" h = 2ξR µ 2 . We plot the h dependencies of the real roots of the cubic equation and extremal values of the potential, and use this dependencies to analyze the conditions for the first-order phase transition in metastable state.
In section IV we describe the parameter domains where self-consistent solutions exist for the general relativity equations describing the expanding early cold Universe, filled with scalar nonlinear field and neutral matter with equation of state p = 2ε/3, which corresponds to a neutral non-relativistic ideal gas of massive fermions (see [43] ). It is assumed that this Fermi-gas consists of the equal numbers of particles and antiparticles with halfinteger spin, which are born from the vacuum as the result of a large quantum fluctuation and obtain finite mass due to the interaction with scalar field, in accordance with the Higgs mechanism of mass generation [34, 35] . The interaction between fermions is taken to be weak, so that the time of particle-antiparticle annihilation significantly exceeds the time of the early Universe's evolution to the point of phase transition. For nonzero energy density of the vacuum λ, which is determined by the energy density of the scalar field in the potential minimum where the early Universe resides, we obtain numerical solutions of the nonlinear general relativity equations, which give for various parameters the time dependencies of the Universe's radius up to the moment of phase transition t c , when the radius reaches maximal value a c = a(t c ). We show that these solutions exist only for large enough initial values of the radius of quantum fluctuation a 0 ≥ 4.5l P , while the radius a c of the early Universe in the transition point and the scalar field's energy E c ∼ a 3 c , released in the phase transition, diverge with ξ → ξ min , where ξ min is some limiting value of ξ, dependent on the parameters of the scalar field. Such a regime of unbounded inflation of the early Universe may be called "hyperinflation". The time of the Universe's evolution t c diverges as well when ξ → ξ min and the initial radius a 0 of quantum fluctuation approaches some limiting value a 0 min (ξ). One should remember though that t c may not exceed the annihilation time of the fermions and antifermions in the early Universe.
In section V we discuss possible values of the parameters µ and g of the fundamental nonlinear scalar field, which define the vacuum average φ 0 = µ/g and the potential energy density U ∼ µ 2 φ 2 0 . We show that in the case of φ 0 φ H the constant ξ 1, contrary to those models where the fundamental field is assumed to be the Higgs field with dimensionless parameter κφ 2 H ≈ 10 −32 , thus giving ξ ≥ 10
30 (see [37] [38] [39] ). In particular, for the ratio φ 0 /φ H ≈ 10 16 , when κφ 2 0 ≈ 1, the constant ξ is limited from below by the minimal critical value ξ min ≈ 0.04 and the value of ξ should be close to ξ min for the Universe to expand to a significant size of a c a 0 l P . We also estimate the frequency of oscillations of the scalar field amplitude, which are attenuated due to both the Universe's expansion and the birth of a large number of various particle-antiparticle pairs from vacuum (see e.g. [29] ). A rapid heating of the Universe, playing the role of "Big Bang", should occur due to the large energy of scalar field E c = ∆U · υ c released in the first-order phase transition in the volume of the closed Universe υ c = 2π 2 a 3 c .
II. MODIFIED LAGRANGIAN OF A NONLINEAR SCALAR FIELD IN CURVED SPACE-TIME
The Lagrangian of a complex scalar field with nonlinearity φ 4 and imaginary "mass" iµ in the curved 4-space with metric tensor g µν and finite scalar curvature R = 0, satisfying the condition of conformal invariance in the limit µ → 0, is written as [14] 
where g 2 is the parameter of nonlinearity (self-action) of the scalar field. The last term in Lagrangian (1), as shown in [14] , leads to the renormalization of the constants µ 2 and g 2 , as well as the Einstein gravitational constant κ = 8πG in the equations of general relativity, by the dimensionless quantity κφ 2 0 . As was mentioned earlier, for the Higgs field this renormalization is quite small (of the order of G/G F ∼ 10 −32 )/ In the more general form with µ = 0 the Lagrangian (1) may be written as (see [40] ):
where ξ is the effective dimensionless constant of interaction between scalar and gravitational fields. As we can see, for nonzero curvature of the 4-space the parameter µ 2 is renormalized as µ 2 → µ 2 − 2ξR , and there is still a possibility of the second-order phase transition with the curvature-dependent order parameter φ 0 (R) = (µ 2 − 2ξR)/g. The mass of the scalar boson, analogues to the Higgs boson, is written in this case as m B (R) = 2(µ 2 − 2ξR).
In the present paper we consider a certain fundamental scalar field φ with nonlinearity φ 4 and with a modified Lagrangian in the curved space-time, which, along with the term −ξR |φ| 2 quadratic in φ, contains also a term linear in φ and R. Earlier, in [44] , this additional term was chosen in the form of ζRφ/ √ κ, where ζ was some dimensionless constant, not equal to ξ in general case, while the factor 1/ √ κ was introduced on the basis of dimensionality consideration, as the dimensionalities of φ 2 and κ −1 coincide. However, the introduction of an additional parameter ζ = ξ seems unnecessary.
In the model considered henceforth the interaction of the complex scalar nonlinear field with gravitation is given as −ξR |(φ − φ 0 )| 2 , where φ 0 is the vacuum average of the scalar field.
As the result, the φ 4 Lagrangian of the scalar field contains linear and quadratic in φ terms, which are proportional to scalar curvature R:
Assuming φ = (Φ + φ ), where Φ(R) is the real (classical) part of the field amplitude φ for R = 0 and φ is its complex (quantum) part, and varying (3) with respect to φ we obtain in the linear approximation |φ | Φ the equation for the bosonic field φ with the curvaturedependent mass of the scalar boson:
In the zero-order approximation in φ (3) gives the expression for the potential energy density of the real part of the scalar field Φ:
where U 0 is some arbitrary constant, which should ensure the zero minimal value of the potential (5). The condition of the existence of the extrema of potential (5) is given by the cubic equation with respect to amplitude Φ:
As will be shown below, in a certain parametric domain equation (6) has three real roots, so the change in the scalar curvature may lead to the first-order phase transition.
III. FIRST-ORDER PHASE TRANSITION IN THE EARLY UNIVERSE WITH CHANGING SCALAR CURVATURE
For the farther analysis of equations (5) and (6) it is convenient to introduce dimensionless variables x = Φ/φ 0 and V = U µ 2 φ 2 0 :
where h = 2ξR/µ 2 is the dimensionless "external field" and
in function of the dimensionless amplitude x = Φ/φ0 for various values of the "external field" h = 2ξR/µ 2 . Solid lines represent V (x, h) for the threshold value h = 0.25, when the second minimum of the potential appears, and also for the critical value h = hc ≡ −2, when one of the minimums of the potential V (x, −2) merges with the maximum, giving an inflection point at x = 1, while the other minimum at x = −2 becomes zero for V0 = 7.
In Fig. 1 the x dependencies of the potential (7) are shown for various values of the parameter h for V 0 = 7. In the region h ≥ 0.25 potential (7) has only one minimum V min = 6.75 at the point x = 1, where the system (the early Universe) resides initially. As we can see, the depth and position of this minimum remain the same for all values of h in the range −2 < h < ∞. For the "external field" h < 0.25 there appears a second minimum in the potential (7), separated from the first one by a potential barrier. At h = 0 both minima have equal depth V (1) min = V (2) min = 6.75 and positioned symmetrically in points x = ±1, while the maximum is at the point x = 0 with V max = 7. In the region h < 0 the left minimum grows deeper with the decreasing parameter h. Finally, for h = −2 the maximum of the potential (7) and its right minimum disappear, giving an inflection point at x = 1, while the left minimum reaches zero value at the point x = −2. The tree real roots x i (h) of the cubic equation (8) are shown in Fig. 2 for −2 ≤ h ≤ 0.25. For all h > −2 there is a positive h-independent root x = 1, which corresponds to the value Φ = φ 0 ≡ µ/g of the amplitude of the scalar field (the ABC branch). This positive root determines the constant position of the right minimum of the potential (7), the negative root (the DEF branch) gives the position of the left minimum, while the signchanging root (the AOF branch) describes the position of the potential maximum, i.e. it corresponds to the absolutely unstable state. The segments AB and EF on the positive and negative branches correspond to metastable states. Notice that according to (4) the boson mass for Φ = φ 0 equals
and the value m B (R) should be bounded by the Planck mass M P from above.
Three extremal values of the potential (7), shown in Fig. 2b , two minima V (1) min (h) and V (2) min (h) and one maximum V max (h), correspond to the three roots of the cubic equation (8) of the Fig. 2a . In the absence of the nucleation centers of the new phase, when no transitions, accompanied by the formation of domains with alternating sign of the order parameter, occur between the branches ABC and DEF for −2 < h < 0.25, the diminishing of scalar curvature R implies that the system travels along the straight phase trajectory ABC with constant minimal value of the potential V (1) min = 6.75 (for V 0 = 7) from the stable state at some initial point with h > 0.25 into the critical point A with h = −2. After that the system drops from point A to point D, which corresponds to a phase transition with the decrease in the potential energy density of scalar field by ∆V = 6.75.
IV. EVOLUTION OF THE EARLY COLD UNIVERSE TOWARDS THE FIRST-ORDER PHASE TRANSITION
Suppose that in homogeneous space filled with nonlinear scalar field in ground state at zero temperature with equilibrium amplitude φ 0 and minimal potential energy density U min (φ 0 ) = 6.75µ 2 φ 2 0 at some (initial) moment appears a rather large quantum fluctuation, spontaneously producing some matter, which is neutral with respect to all charges and characterized by the equation of state p = νε, where p and ε are pressure and energy density of the matter, with dimensionless coefficient ν satisfying condition ν > 1/3. The initial scalar curvature of the 4-space equals R i = −4κλ (whereκ is the renormalized Einstein constant, λ is the energy density of vacuum), while after the emergence of matter it increases to positive values (see below).
Suppose also that due to space isotropy the form of the quantum fluctuation is close to spherical, while its initial radius considerably exceeds the Planck length l P , so the description of the evolution of the spherically symmetric incipient Universe may neglect quantum effects, such as the tunneling through the potential barrier between two potential minima. Consequently, farther evolution of this big fluctuation may be studied using the classical general relativity equations for the homogeneous isotropic closed Universe:
where a is the scale (radius) of the Universe,ȧ and a -its first and second proper time derivatives,κ = κ 1 + 2ξκφ 2 0
is the Einstein gravitational constant, renormalized due to interaction of scalar and gravitation fields (see [14] ), and parameter λ is the vacuum energy density, which is related to the Einstein cosmological constant λ = Λ/κ.
Notice that the assumption of a rather big initial quantum fluctuation implies the uniqueness of our Universe, as the probability of simultaneous appearance of several such fluctuation is vanishingly small.
With account for a possible time dependence of λ equations (10) give the energy conservation low:
as well as the expression for the scalar curvature:
In the absence of matter (ε = 0) or for ultrarelativistic matter or equilibrium electromagnetic radiation with equation of state p = ε/3 the scalar curvature of the 4-space equals R = −4Λ ≡ −4κλ. However, for ν > 1/3 and (3ν − 1)ε > 4λ the scalar curvature is positive.
Contrary to the scenario of "chaotic inflation" [26] where the vacuum energy density is defined as λ = U (φ) +φ 2 /2, due to the constancy of the scalar field amplitude φ = φ 0 and minimal density of the potential energy U (φ) = U (1) min (φ 0 ) on the phase trajectory ABC we shall assume
In the capacity of matter filling the early cold Universe we shall consider non-relativistic degenerate Fermigas with the equation of state p = 2ε/3, consisting of the pairs of fermions and antifermions with masses m F = m AF born in quantum fluctuation. Notice that the finite fermionic mass may be generated due to the interaction between scalar and fermionic fields in accordance with the Higgs mechanism [34, 35] . It is assumed that the interaction between fermions is weak enough for the characteristic annihilation time t A of the particles and antiparticles is much greater than the maximal evolution time of the early cold Universe to the point of phase transition (see below).
Thus, assuming p = 2ε/3 and λ = const, in accordance with (11) we have:
Here ε 0 and a 0 are the initial values of the energy density of the matter and radius of the nucleus of the Universe, which satisfy conditions a 0 > l P and ε 0 ≤ ε P , where
P is the Planck energy density (in the system of units = c = 1, when l P = t P = 1/M P ). From (12) it follows then:
Let us assume that at the initial moment R (0) = κ(ε 0 − 4λ) > 0 and the curvature value is such that it satisfies the condition h (0) ≡ 2ξR (0) /µ 2 > 0.25, so that the scalar field potential has a single minimum at the point Φ = φ 0 (see Fig. 1 ).
In the process of the Universe expansion the scalar curvature (15) decreases in time with reduction of ε (t) in accordance with the power-low dependence (14) . In the framework of the proposed model of the nonlinear scalar field this corresponds to the decreasing of the dimensionless parameter of the "external field" h (t) = 2ξR (t) µ 2 . The system is moving then along the phase trajectory ABC (see Fig. 2 ) where the value of the scalar field amplitude Φ = φ 0 ≡ µ/g and the minimal value of potential U On the assumption of the quantum origin of the Universe it is convenient to introduce dimensionless variables a (τ ) = a (t) /l P and τ = t/t P (where t P is the Planck time). In this case the scalar curvature (15) and dimensionless "external field" parameter h, with account for the energy conservation (14) , are written as:
(16)
, (17) whereã 0 = a 0 /l P ,ξ = 2ξκφ In order to describe the dynamics of the Universe we use the first of the equations (10) for the velocity of the expansion (along with the energy conservation low):
The quantity b =κλl 2 P /3 is a function ofξ due to the renormalization of the Einstein gravitation constant:
where Ω P = κε P l 2 P = 25.1327... is a universal constant, expressed in terms of the world constants, whileε P = ε P µ 2 φ 2 0 is an additional dimensionless model parameter, dependent on the parameters of the universal scalar field µ and φ 0 = µ/g. The domain of applicability of the solutions of the classical equation (18) should be limited by the conditionsã(τ ) > 1 and τ > 1.
The requirement of the real values for the velocity of the early Universe's expansion is equivalent to the requirement of the non-negativeness of the subradical expression in (18) , which, with account for (19) , is translated into the following conditions:
The described scenario assumes that the Universe's expansion may continue only till the time τ c when parameter h (τ ) reaches its critical value h c ≡ h (τ c ) = −2 in the point A on the phase trajectory ABC (see. Fig. 2 ) and the dimensionless radius becomes equal to the limit valueã c ≡ã (τ c ).
From (17) for h = −2 we obtain the ratioã c /ã 0 , dependent on the model parameters β,ε 0 andξ:
The inequalityã c >ã 0 necessary in the case of the Universe's expansion leads to the following restriction on the parametersε 0 andξ:
According to (21) , whenξ tends to its minimal valuẽ ξ min = 1/(2β − 1) the radius of the Universe in the point of phase transition goes to infinity, a c → ∞.
On the other hand, the initial energy density ε 0 of the matter, which was born as the result of the quantum fluctuation of vacuum on the time scale of about t P , an not exceed the Planck energy density ε P . Thus the total initial energy of matter E 0 = ε 0 a 3 0 should be bounded from above by the Planck energy ε P l 3 P , whence we have the inequality:ε
The conditions (20) , (22) and (23), together with a 0 > 1, are the complete set of restrictions, applied to the parameters of the proposed model.
As follows from (13), the dimensionless parameter β equals β = 6.75, so the conditions (22) may be written asε
On the other hand, the total potential energy of scalar field, which is released in the first-order phase transition, is determined by the drop of the scalar field potential ∆U = 6.75µ 2 φ 2 0 and is equal to:
In this case the relation (21) and the ratio of the final E c and initial E 0 values of the total energy may be represented as:
Thus, in the point of phase transition the maximal radius of the early cold Universe diverge a c → ∞, as well as the total released energy E c → ∞, for all possible initial values of a 0 and E 0 , ifξ →ξ min = 0.08.
Notice that the valueξ min = 0.08 for β = 6.75 corresponds to some minimal value of the interaction constant of scalar and gravitational field ξ min =ξ min /2κφ (cf. [37] [38] [39] ) and indicates the impossibility of the direct unification of the standard model of elementary particles with gravitation.
Nevertheless, if we assume that the value of the vacuum average for the fundamental scalar field in the early Universe satisfied condition κφ 2 0 ≈ 1, which corresponds to the ratio φ 0 /φ H ≈ G F /G ≈ 10 16 , then for the constant ξ min we obtain a reasonable estimate ξ min ≈ 0.04.
In this case the renormalizations of the constant of selfaction for the nonlinear scalar field g 2 → g 2 · (1 + ξκφ 2 0 ) and the Einstein gravitational constantκ = κ/(1+2ξκφ 2 0 ) (see [14] ) are about 4% and 8% respectively. (18) in the space of dimensionless parameters a0 ≡ a0/lP andε0 ≡ ε0/εP , obtained with account for (20) , (22) and (23), when dimensionless renormalized constantξ of scalar field's interaction with gravity equalsξ = 2ξκφ 2 0 = 0.0801, which is close to the minimal valueξmin = 0.08 for β = 6.75 andεP = 4660. Fig. 3 represents the domain of existence of solutions for the evolution equations (18) in the space of parametersε 0 andã 0 forξ = 0.0801 andε P ≡ ε P /µ 2 φ 2 0 = 4660, determined by the restrictions (20) , (22) and (23) . The upper boundary is given by inequality (23), the lower one is defined by the conditionε 0 =ε 0 min (ξ) in (20) . The calculation is done for β = 6.75 andε P ≡ ε P /µ 2 φ 2 0 = 4660. The choice of the value forε P corresponds to the condition µ/µ H = φ 0 /φ H (see below). For the chosen parameters solutions exist only for sufficiently large initial values of the radius of the Universe a 0 > 4.5l P , i.e. only for a rather big quantum fluctuation. (20), (22) and (23).
The value of the dimensionless radius of the Universe in the point of phase transitionã c is shown in Fig. 4 in function of the parametersξ andε 0 for0 0 = 5, β = 6.75 andε P = 4660. We can see, thatã c → ∞ forξ → 0.08, in accordance with (26) , and significant expansion of the Universe, withã c ã 0 , is possible only in a narrow range of the values ofξm when (ξ −ξ min ) 1. The temporal evolution of the dimensionless radius of the Universeã(τ ) up to the moment of phase transition is illustrated by Fig. 5 , where solutions of equation (18) are shown for several values of the parameterε 0 in the vicinity of its minimal valueε 0 min (ξ), determined by the relations (20) . In this case the maximal radius of the Universe, which is restricted by the phase transition at the moment t = t c , is almost independent ofε 0 and equals a c ≈ 20l P , while the time of the Universe's evolution changes in a wide range 25t P < t < 120t P owing to the grows of the "plateau". In all cases though, at the later stage, when (ã c /ã 0 ) 5 1, the Universe expands in accordance with exponential low, typical for inflationary solutions. It should be emphasized the in this case, similarly to the de Sitter model, inflation is driven by the constant vacuum energy density λ = const, contrary to the scenario of "chaotic inflation" [23] [24] [25] [26] , where the expansion of the Universe occurs on the background of the diminishing energy density of the scalar field.
The dimensionless duration of the early Universe ex- 1. · 10
The dimensionless time τ = t/tP dependencies of the dimensionless radiusã (τ ) of the early cold expanding Universe up to the moment of phase transition h = hc. The solutions of equation (18) pansion τ c ≡ t c /t P is shown in Fig. 6 in functions of ε 0 andξ. The unlimited grows of the time τ c → ∞ for ε 0 →ε 0 min (Fig. 6a) is due the fact that forε 0 =ε 0 min (ξ) the minimal value of the expansion velocityȧ becomes zero with simultaneous vanishing of accelerationä and all higher time derivatives of a. Asε 0 approachesε 0 min (ξ) on the lower boundary of the shaded region in Fig. 3 the plateau on the curveã(τ ) (see Fig. 5 ) may stretch to infinity, providedã c is larger than the valuẽ
which corresponds to the minimal value ofȧ according to (18) .
V. MODEL PARAMETERS' ESTIMATES AND EVOLUTION OF THE UNIVERSE AFTER THE FIRST-ORDER PHASE TRANSITION
Let us make estimates of the scalar field parameters in the framework of the proposed model of the early cold Universe. As was shown in section IV, a physically reasonable assessment of the dimensionless constant of interaction of scalar and gravitational fields ξ ≈ 0.04 may be achieved with assumption κφ 2 0 ≈ 1, which corresponds to a rather large ratio φ 0 /φ H ≈ 10 16 of the vacuum averages of the fundamental scalar field φ 0 = µ/g and the Higgs field φ H = µ H /g H .
On the other hand, the choice of the big value for the dimensionless parameterε P ≡ ε P /µ 2 φ 2 0 = 4660, with ε P = M energy density then equals ∆U/ε P = 6.75µ
Accordingly, the fundamental scalar field in the early cold Universe prior to Big Band could have the potential energy density ∆U = 6.75µ 4 /g 2 , which is 64 orders of magnitude larger than that value for the Higgs field, once more emphasizing the lack of usability of the latter in the inflation theories of the early Universe.
In the model of "chaotic inflation" [26] , with the restriction on the scalar field potential V (φ) ≤ M 4 P , for the size of the "inflated" Universe to exceed by many orders of magnitude the size of observable Universe it is necessary to have large initial amplitude of the scalar field φ M P and anomalously small values of either the effective mass of the scalar field m M P for the quadratic potential V (φ) = m 2 φ 2 /2, or the nonlinearity coefficient γ 1 for the potential V (φ) = γφ 4 . On the other hand, it should be stressed that in the framework of the proposed model with ξ → ξ min = 0.04 the Universe's inflation to arbitrary large sizes in the point of the phase transition is possible for φ 0 < M P and ∆U ε P . Accordingly, the presently proposed scenario of evolution of the early Universe towards the point of phase transition with unrestricted "inflation" for ξ → ξ min , may be called "hyperinflation".
Let us estimate the total energy of the scalar field E c , freed in the first-order phase transition, with account for the parameters' values a c ≈ 20l P and ∆U ≈ 1.45 · 10 −3 · M 4 P , obtained above:
The discharge of such enormous energy during phase transition should lead to the birth of a huge amount of particle-antiparticle pairs of various kinds, and to the rapid heating of the matter to high temperature of the order of the Planck one
32 K (k B is the Boltzmann constant), thus causing the "Big Bang" starting the hot phase of our Universe.
On the other hand, potential (7) for h = −2 with zero minimum in the point x = −2 (see Fig. 1 ) may be rewritten with shifted field amplitude y = x + 2:
One may assume it to be an analog of various potentials, considered in the models of "chaotic inflation" [26] . In this case the frequency of oscillations of the scalar field amplitude near the minimum at y = 0 equals ω = 3µ ≈ 0.3M P . In this way the scenario of evolution of the early cold Universe, considered here, may be connected to a subsequent process of evolution described by the model of "chaotic inflation" [26] , which allows to solve many problems of cosmology. Nevertheless, the problems of dynamics of scalar field with potential (29) and farther evolution of the Universe with its heating after the first-order phase transition go beyond the scope of the present paper.
VI. CONCLUSIONS
We have proposed a scenario of evolution of the early cold Universe which appears as the result of a rather big quantum fluctuation of vacuum with consequent firstorder phase transition, driven by an "external field" parameter, which is proportional to the time-dependent scalar curvature R(t). It is assumed that this phase transition occurs in the expanding Universe due to the interaction of the fundamental nonlinear scalar field with gravitational field, on the one hand, and also because of the presence of matter with equation of state p = νε with ν > 1/3, on the other hand. The solutions of the nonlinear general relativity equations with finite energy density of vacuum may exist only for a rather large initial radius a 0 ≥ 5l P of the incipient Universe, when the quantum effects may be considered small, justifying the applicability of the classical relativity equations. The probability of such a big fluctuation is by itself rather low, while simultaneous appearance of spatially close multiple fluctuations is most improbable, which implies uniqueness of the Universe, developed in accordance with the described scenario.
We have obtained estimates for various parameters of the model: for µ and g, and also the vacuum average φ 0 = µ/g of the fundamental nonlinear scalar field; for the vacuum energy density, which is determined by the density of the potential energy of the scalar field λ = ∆U ; for the constant of interaction of the scalar and gravitational fields ξ; for the total energy of the scalar field E c = ∆U · υ c , which is released during the first-order phase transition in the whole volume of the closed Universe υ c = 2π 2 a 3 c , where a c is the maximal radius of the early Universe in the point of phase transition. We have shown that when the parameter ξ approaches some limit value ξ min (dependent on the value of the vacuum average of the scalar field φ 0 ) the radius a c and, consequently, energy E c tend to infinity, which may be called a "hyperinflation" regime of evolution of the early Universe.
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